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The Butler University Botanical Studies journal was published by the Botany Department of 
Butler University, Indianapolis, Indiana, from 1929 to 1964.  The scientific journal featured 
original papers primarily on plant ecology, taxonomy, and microbiology.   The papers contain 
valuable historical studies, especially floristic surveys that document Indiana’s vegetation in 
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undergraduates, and other Indiana botanists.  The journal was started by Stanley Cain, noted 
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learned societies and libraries through exchange. 
  
During the years of the journal’s publication, the Butler University Botany Department had an 
active program of research and student training.  201 bachelor’s degrees and 75 master’s 
degrees in Botany were conferred during this period.  Thirty-five of these graduates went on to 
earn doctorates at other institutions.   
  
The Botany Department attracted many notable faculty members and students.  Distinguished 
faculty, in addition to Cain and Friesner , included John E. Potzger, a forest ecologist and 
palynologist, Willard Nelson Clute, co-founder of the American Fern Society, Marion T. Hall, 
former director of the Morton Arboretum, C. Mervin Palmer, Rex Webster, and John Pelton.  
Some of the former undergraduate and master’s students who made active contributions to 
the fields of botany and ecology include Dwight. W. Billings, Fay Kenoyer Daily, William A. Daily, 
Rexford Daudenmire, Francis Hueber, Frank McCormick, Scott McCoy, Robert Petty, Potzger, 
Helene Starcs, and Theodore Sperry.  Cain, Daubenmire, Potzger, and Billings served as 
Presidents of the Ecological Society of America. 
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them part of Long Island is 
tic Coastal Plain. Although 
The region is entirely within the Great Basin ;l11d, therefore, one 
of interior drainage. The topography is fairly typical of the Basin­
and-Range Province with fault block mountain ranges more or less 
paralleling- the meridians and separated by ri ft valleys or grabens . 
The floors of the valleys lie at elevations approximating 4,000 feet 
GEOLOGY 
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* A contribution in recognition of the 25th anniversary of the Botany De­
partment of Butler University. Research aided, in part, by a grant [rain the 
Research Committee, University of Nevada. 
1 The association as lIsed here is that of the Zmich-Montpel1ier school as 
recommended by the Sixth Intc~national Bot'lnical Congress, 1935. The 
association is considered to be milde up of one or more unions. (Sel: Lip]lma", 
1939.) 
By vV. D. BILLINGS 
University of Nevada 
Except for scattered references of a generalized nature, little is 
recorded concerning the structure of vegetation in the arid and semi­
arid portions of the western Great Basin, The delineation of the as­
sociations! of a part of this area and their particular environments 
is the prime funtion of this paper. . 
The name "Carson Desert" has long been applied to the region 
surrounding the Carson Sink and the lower Carson River in western 
Nevada. For the purposes of this investigation, the term "Carson 
Desert Region" will include not only the Carson Desert but also the 
deserts surrounding the lower reaches of the Truckee River, Pyramid 
Lake, the \"Ialker River, and Walker Lake. Tbe resulting area is 
elonoated in a northwest-southeast direction with its central axisb 
parallel to and abollt 75 miles northeast of the summit ridge of the 
Sierra Nevada. About 5,000 square miles of territory are involved. 
The dry slopes ancl benches of the region are mainly used as winter 
range for livestock although, in most places. the grazing is verY,light 
or even absent. Agricultural land, irrigated and reclaimed, occupies 
a substantial acreage on the deep soils of the valley floors, particularly 
in the Fallon region south of Carson Sink. 
THE PLANT ASSOCIATIONS OF THE CARSON 
DESERT REGION, WESTERN NEVADA* 
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above sea-level while the crests of the ranges average about 8,000 
feet ill elevation. By far the greater part of the Carson Desert region 
lies below 5,000 feet and, in this article, only that vegetation lying 
below 6,000 feet will be considered. 
Most of the region was covered during the plu vial and glacial 
periods of the Pleistocene by the southern part of Lake Lahontan. 
Russell (1885) gives 4,378 feet above sea-level as the average eleva­
tion of the highest shoreline of this lake. Lake-laid sediments now 
cover almost all of the Carson Desert region below this elevation. They 
consist primarily of interbedded gravels, days, and sands whose 
depth ranges from a few inches near the upper limits of the lake to 
well over a hundred feet in many places. Two types of post-Lahontan 
accurrllllations overlie the old lake sediments in a number of places. 
The first of these consists of aeolian sands of a light color and, there­
fore, clearly of extraneous origin in this region of dark volcanic rocks. 
Many of these dunes are active but the great majority are flat and 
quiescent and covered with a distinctive vegetation. Mud flats or 
playas constitute the second kind of post-Lahontan sediment. The 
lower parts of those rift basins not occupied at present by permanent 
lakes are filled during winters and wet years with shallow temporary 
Jakes. Silts, clays, and salts carried into these playa-lakes are left 
behind upon the evaporation of the water during the stimmel' months. 
Because of salinity and periodic drowning, most of the playas are 
completely devoid of vegetation except around the edges. They are 
known locally as "alkali flats." 
The mountains and hills consist principally of basalts. andesites, 
and other basic lavas. They are covered uy a thin, often broken, 
mantle of residual gray desert soils. Exterlding from the lower slopes 
are numerous alluvial fans and bajadas. 
CLIMATE 
Lying in the rain-shadow of the Sierra Nevada, the climate of the 
valley floors and the lower hills is distinctly arid. The higher slopes 
are semi-arid. Only in scattered places at the highest elevations does 
the climate approach humid types in the ranges immediately con­
tiguous to the desert. Thornthwaite (1941) reports precipitation-ef­
fectiveness indices of below 16 for most of the Car.son Desert region. 
According to his maps, this desert area lies in a narrow arm of aridity 
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The mean annual precipitation at the following stations is prob­
ably typical of the greater part of the area: Fallon, 4.98 inches; Fern­
ley, 5.29 inches; Lahontan, 4.54 inches; and Schurz, 5.68 inches. The 
precipitation shows a distinct winter maximum such as might be ex­
pected in a region lying fairly close to a west coast in the middle 
latitudes. 
The climate is neither excessively hot in summer nor extremely 
cold in winter. Fallon shows an average January temperature of 
29.8'" F. while the July average is 73.1 0 F .. At Yerington, the aver­
ages for the same months respectively are 30.3 0 F. and 70.5° F .. Be­
calise of the aridity and altitude, there is a. broad range between night 
minima and day maxima. 
LITERATURE 
The first botanical observations in the Carson Desert region were 
made by Fremont (1845) during January, 1844. He describes sage­
brush vegetation, the cottonwoods along the rivers, and the grease­
wood 011 the alkali flats. He failed to note, however, the several dis­
tinct types of true desert vegetation through which he passed in cross­
ing from the Truckee to the Carson River over the fairly level coun­
try of what is now known as Swingle Bench. He merely mentio.ns 
this stretch as beipg covered "with small sage bushes." 
Of the publications of the several taxonomists who collected in 
the region dllring the latter part of the nineteenth century, the report 
of Sereno Watson (1871) of his botanical explorations during 1868 
contains the best veg·etational descriptions. His generalized descrip­
tions are quite aCCl11'ate. Watson did not, however, clearly distin­
guish the communities lying in the true desert between the sagebrush 
on the higher elevations and the greasewood of the playas. 
In more modern times, the vegetational types of the Bonneville 
Basin in Utah have been delineated by Kearney and his co-workers 
(1914) and by Flowers (1934). The communities which they de­
scribe as occurring on the more saline soils are quite like those on . 
similar soils in the Carson Desert region. However, the upland 
desert communities, both successional and climax, which cover the 
greater part of the Carson Desert are distinctly different from those 
in the Bonneville region. A number of papers have been written on 
the vegetation of the warmer deserts in Arizona and southeastern 
91 
California. Notable among these are the works of MacDougal 
(1908), Shantz and Piemeisel (1924), Parish (1930), Shreve (1936, 
1942), and Nichol (1937). In some respects, a close relationship 
seems to exist between the vegetation of the southern deserts and 
the upland communities of the Carson Desert. 
Clements (1920) considers all of the shrubby vegetation of the 
drier parts of the Great Basin as belonging to what he calls the Atri­
plex-Artemisia association. Under this, he has established a great 
number of consociations based upon the apparent dominance of one 
shrubby species here and another there. The result is an extremely 
heterogeneous grouping of communities into a large and vague cate­
gory whose structural bonds ar.e open to question. The existence of 
numerous areas where a single species holds complete dominance 
can certainly be substantiated. However, most areas are populated 
. by communities characterized by two or more co-dominants. In ad­
dition, the almost total lack of quantitative data fails to measure the 
degree of dominance or to bring out the true relationships hetween 
the consociations 
Shantz (1924, 1925) has, perhaps, the most adequate descriptions 
to date of desert vegetation in the western Great Basin. He divides 
the vegetation in this region into two main types: sagebrush (north­
ern desert scrub) and greasewood (salt desert scrub). Each of these 
he subdivides into three main associations under which are grouped 
a number of minor communities somewhat analagous to the consocia­
tions of Clements. Although ?escriptive only, the physiographic and 
edaphic array of the communities, as included, is rather clearly por­
trayed. 
METHODS 
Numerous reconnaissance trips were made into the Carson Desert 
region during 1939 and 1940 in order to become familiar with the 
vegetation and to set up an objective delineation of the communities. 
Fifteen distinct associations were established. Four of these, the little 
greasewood-shadscale type, the dalea type, the big greasewood type, 
and the big greasewood-shadscale type constitute by far the greater 
part of the natural vegetation of the region. These particular associa­
tions, therefore, were selected for quantitative study. 
In 1941, ten stations were chosen for analysis in the little grease­
wood-shadscale association; ten in the Daleetun1, three in the big 
greasewood association, and two in the big greasewood-shadscale 
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'The nomenclatllre is an attempt at the latest available synonymy. Amhori­
ties are given for all species in presence tables. For those not so listed, authori­
ties are given at the first mention. of the name in the text. 
type. The stations were well scattered throughout the region. Pres­
ence lists of all shrubby and herbaceous species2 at each station were 
compiled for both 1941 and 1942. The shrubby stratum was analyzed 
by quadrats at five stations in the little greasewood-shadscale type, 
at seven stations in the Daleetum, and at all stations in the big grease­
wood and big greasewood-shadscale associations. In the cases of the 
first two associations, 25 quadrats of 9 square meters each were laid 
out in the form of a latin square at each station with the exception 
of three stations in the dalea community where quadrats of 4 square 
meters each were used. In all cases, the interval between quadrats 
was 20 meters. The number and size of quadrats used in sampling 
the latter two communities varied from 25 quadrats of 4 square meters 
each to 10 qnadrats of 100 square meters each, depending on the den­
sily of the stand. The herbaceous vegetation at all stations in the 
little greasewood-shadscale and dalea associations was sampled by 
25 random throws of a 1/5 meter hoop at each station during the 
g-rowing season of 1941. The data from the shrubby quadrats were 
analyzed for f reqllency, density (number of individuals per square 
meter). percentage of coverage of total area, and pereentage of total 
shrubby cover. Density per square meter and frequency were de­
termined for the herbaceous species f rom the data of the 1/5 meter 
quadrats. Since the densities of desert herbaceous species react 
sharply to differcnces in precipitation from year to year, it is realized 
that such data for j nst one year provide a mere starting point for 
quantitalive work. The presence lists, however, developed over a 
longer period, provide a trustworthy record of the floristic composi­
tion of the herbaceot1s unions. 
Soil trenches were dug in several stations of each of the four ma­
jor associations and in several of the other types. Notes were made 
of the profiles and samples taken at certain depths. The samples from 
certain representative profiles were analyzed mechanically by a modifi­
cation of the Buoyoucos (1928) method. Colorimetric indicators 
were used to determine soil pH. 
The relative amounts of soluble salts in the soils of the several 
a;;soci"tion;; is expressed as K x 10& of a soil solution determined by 
conductance by thc following method. The exact air-dry equivalent 
most adequate descriptions 
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of SO grams of oven-dry soil is weighed out and mixed with 250 ml. 
of distilled water in a tightly stoppered flask. The mixture is shaken 
periodically for 5 days and then filtered through a Pasteur-Chamber­
lain filter. The conductance of the filtrate is determined with a con­
ductivity bridge equipped with a cathode ray tube null indicator. A 
dip cell with a constant of about 1.0 should be used anu the filtrate 
brought to a constant tel11p~rature of about 20 D C. in a water bath. 
The conductance of the filtrate is expressed as K x 10" where 
K - cell constallt. If the value K x 10:; is multiplied by a suitable 
l'C~I$:talJ(;:c 
factor, the parts per million of soluble material in the filtrate may be 
approximated and thence the percentage of such malerial in the soil. 
Further experimental work, however, is needed on snch a factor be­
fore such absolute results are trustworthy. 
ASSOCIATIONS 
1. LITTI.E GREIISEWODD-SHIIDSCALE IISS0CI.<\TlLlN 
(Sareoba.tett",·n Baileyi) 
This association covers more territory within the Carson Desert 
region than any other community. It is clearly the matrix of the 
vegetation in this arid portion of the Great Basin where the precipi­
tation is too low for the development of the sagebrush association. 
The floristic structure of the little greasewood-shadscaJe association 
is brought Ollt in tables I, II, and III. Soil characteristics at lhree 
selected locations in the type are listed in table IX. Figure I presents 
the typical appearance of the community. 
The little greasewood-shadscale association 'consisls of three 
lIJ1lons. The frutescent union is designated the SarcobatHs Baile·yi­
Atriplc.l: confertifolia union. The Oryzopsis-Sphaeralcea 11\110\1 is 
perennial herbaceous and the Cryptantha-Coldenia-Gilia Ul110n IS 
annual. 
The characteristic species of the dominant union are Sa.rcobatus 
f3aile'yi, A triplex eonfe,-tifolia, and Arte1-H·isia spinescc'/1.s. All are low, 
spiny, microphyll shrubs. These make up the bulk of the shrubby 
stratum. E wrotia lana.ta. and Lye'ium. Cooperi are often l)resent but 
of low density and coverage. The perennial herbaceous union is 
typified by O'-Y2opsis hymmoides, Sphae1'aleea ambigua subsp. 11'LOtt­
Iicola, and H erl1~idium alipes. At some stations, this union is frag­
mentary or even absent. It'is seldom well developed in this particular 
association. -The annual union is also poorly developed here. Of 
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Figure I. Little Greascwood-Shadscale association on Lahontan sedi­
ments at Station 3, 15Y, miles south of Fallon, Nevada. Principal dominants 
are Snrcobotlls Hoi/f.\'i, .../Irit/cx cOllfcrtifolia. ami A rtollisia s/,illtscfIlS. :\ ote 
lh~ cl'Osioll pavemcnt and almost total absencc of herbs. 
the principal species, Cr)'p/ant"a circu1nscissa, Coldenia N uttallii, and 
Gilia,lcptomcria. only the first is common in the Sarcobatetul11 Uaileyi. 
frio[JoHum 7Ji11lincu11l and (;lyptoplcura marginata are often present 
in this association but are of lesser importance than certain other 
species in the union as a whole. The growth of the herbs, especially 
that of the annuals, is restricted to the late spring months when the 
soil still retains the moisture added by the winter precipitation. 
The little greasewood-shadscale association occupies well-drained 
soils developed fr0111 the Lahontan sediments and also the residual 
volcanic soils of the hills, especially those in the drier southern part 
of the region. The soils are usually sandy loams or silt loams with 
marked amounts of gravel scattered through the profile. The surface 
of the soil is always more or less covered with a desert erosional 
pavement of gravel or rock left as the result of wind erosion. In 
places, this pavement may be poorly developed, but often it almost 
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completely covers the soil. The soils of this type developed from 
Lahontan sediments are distinctly alkaline in reaction, approaching 
pH 9 in most cases. The residual soils of the hills are somewhat 
less alkaline. The upper 5 or 6 decimeters of the Lahontan sediment 
soils are low in soluble salts but there ~eel11 to be mild accumulations 
below this depth. The residual soils occupied by this association 
are shallow and relatively free of salts. 
Over most of its a rea, this association presents an aspect of 
monotonous regularity characterized by rather evenly spaced, low, 
~piny shrubs separated frol11 each other by barren soil covered with 
the rocks of its erosion pavement. At the live stations quantitatively 
analyzed, the total shrubby coverage ranged from only 5 to 12 per 
cent of the ground. In contrast to the even distribution of individuals 
over most of its area, there is a pronounced tendency, in some places 
on residual soils in the southern part of the region, for the shrubs of 
this association to become aggregated alon~ small erosion channels. 
The prominent t:ibbo'ns of shrubs are separated by miniature divides 
10 to IS feet wide and covered with an almost continuous erosion 
pavement. 
The little greasewood-shatlscale association is closely related to 
the shadscale community described by Shantz (1924). The principal 
dif ference seems to be that the association as described here is dom­
inated by little greasewood (Sa1'cobatus Bo,ileyi) , a species which 
Shantz does not mention as a member of the community. At every 
one of the five stations where quadrat clata were gathered, Sw'cobatus 
Baileyi is clearly dominant, constituting over 50 per cent of the tothl 
shrubby cover in each case. The percentages of total shrubby cover 
shown by Atrip/ex con/B)·fifo/w are in most cases close to 20 per cent. 
This association appears to be the climatic climax of the region. 
\Nhcrever the annual precipitation in this l11icrothermal region falls 
below about 7 inches and there is no other source of water, the sage­
brush association gives way to the little greasewoocl-shadscale associa­
tion on 110r111al mature SOlis. The shadscale association of Shantz 
is undoubtedly the counterpart of the Sarcobatctum Baileyi in similar 
regions to the east and north of the range of Sarcobatus Baileyi. 
2. \iVINTER-FAT .'\SSOCIATION 
(Eurotietum lanalae) 
In several places in the northern part of the Carson Desert region, 
especially north and east of Pyramid Lake, there are pure stands of 
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son Desert region, 
.re pure stands of 
winter-fat, Eurotia lana/a. The environment of this association is 
similar to that of the little greasewood-shadscale type. Shantz (1925) 
states that Eurotia often becomes dominant where shadscale has been 
killed. It may be successional to the Sarcobatetum Baileyi or it may 
represent certain edaphic conditions slightly different from those 
characterizing that association. The winter-fat association probably 
provides the best winter range in the region but is far less abundant 
than the little greasewood-shaclscale association. 
3. DALEA ASSOCIATION 
(Daleetwl/'£ polyadeniae) 
The dalea association is one of the most interesting communities 
in the region. It is limited to areas of stabilized dune sands which 
are rather extensive, particularly in the region between the bend of 
the Truckee River at Wadsworth and Leeteville on the Carson River. 
The Daleetum is also abundant on the dunes in the valleys of the 
figure 2. Dalea assoclahon on aeolian sand at Station I, just west of 
Leeteville, .\Tevada. Dalea pol)'adeai{)" A lI-iplex cmlescens, and Tetrady11tia 
({:JIJosa are prominent. 
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in extent.' The dune sands cuv 
and clays and are, therefore. 
eastern part of the Desert Mountains from the hills north of Schurz 
to Sand Springs at the east end 0 f Eight-mile Flat. Tbe floristi< 
composition of this association is exhibited in tables IV, V, and VI. 
Table IX lists the soil characteristics at three typical stations. Figure 
2 shows the general appearance of tbe DaleetulTI. . 
The dalea association could be considered as a twin association 
(Katz, 1929) to the Sarcobatewm Baileyi, since the same herbaceous 
unions are present in both. The f rutescent stratum in the DaleetuJ11 
is occupied by the Dalea polyadenia-/J triplex canesce'ns union. The 
characteristic species of this union are Dalea polyadenia, Atriplex 
canescens, Tetmdymia comasa.. and Tetrady1'Jria glabrata.. All of 
these are intricately branched, non-spiny. microphyll shrubs of me­
dium height. Sa:rcobatus Baile~>"i and other shrubby species of the 
little greasewoo<l-shadscale association are often present as survivors 
of a sand-drowned SarcobatetuI11 Baileyi. The two herbaceous unions 
are very well developed in the Daleeturn. This is especially true of 
the annual union which exhibits here a. relati vely high density of 
individllals and also a certain floristic richness, 39 species being pres­
ent in the io stations intensively studied. In addition to Cryptantha 
circ:umsc'issa, Coldenia Nuttallii.. and Cilio lepto·mer-ia from which the 
name of the union is derived. other characteristic species are: Ab1'onia 
turb'inata, Euphorb·ia ocella.ta val'. a.renicola, Cryptantha micrantho, 
Oenothera deltoides val'. Piperi, Phaalia b·icolO"r, and Eriogonu.1"I'~ 
pusilltmt. The Oryzopsis-Sphaeralcea perennial union is conspicuolls 
here but is not much different floristically from its composition in 
the little greasewood-shadscale association. One di fference is the 
freql~ent presence of Pentstem.on (l,cumiuaflis in the dalea type. Hel'­
l"/Iid·iu.Hl. aIipes seems to be more rare in the Daleetum than in the 
Sarcobatetul11. The annual vegetation is 'conspicuous in late spring 
when the upper few decimeters of the sandy soil are moist from the 
winter precipitation. This moisture is completely utilized by the 
middle of Jurie when the annuals are in fruit. 
The soil of the Daleetum is a light-colored, siliceous, aeo1ian sand 
ranging in depth from 5 to over 20 feet. The pH is only slightly alka­
line, the range usually being from about pH 7 to pH 8. The per­
centages of soluble salts are lower than in any of the other soils of 
the region. The whole profile is remarkably uniform, consisting 
almost entirely of pure sand. 
l\'lost of these dunes are broad, flat, and stable and at first glance 
do not appear to be dunes. Some of them are several square miles 
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in extent.· The clune sands cover the Lahontan sediments of gravels 
and clays and are, therefore, superimposed upon the substratum that 
normally supports the little greasewood-shadscale association. There 
are nnmerous places where this occupation has taken place rathcr 
recently. In these places, Sauobalu.s Bo,ile'Y'i and Lycium Coopcri 
have acted as dune-formers. As the sand builds up, these two species 
are able to keep pace for some time and are, consequently, likely to 
remain as relicts in the Daleetu111. The first shrub of the dalea asso­
ciation to invade is Dalea polyadenia itself. As the sand grows deeper 
other shrubby species appear. Telradymio, C01nosa seems to require 
the deepest sand of all, not appearing until the depth reaches 10 to 
20 feet. Blowouts do occur, resulting in a resumption of active sand 
movement. Some of the dunes have extended out into the playas, 
bringing the dalea association into contact with the big greasewood 
association. In some places, also, the sand has been carried far up 
the mountains on the eastern sides of the valleys so that the Daleetum 
under such conditions occurs some distance above the highest Lahon­
tan shore-line. 
The ground cover of the shrubby stratum is somewhat greater 
in the Daleetum than in the little greasewood-shadscale type. ranging 
from 8 to 28 per cent at the seven stations where quadrat data were 
gathered. Daleo, polyadenia is dominant but not predominant, mak­
ing up on the average about 30 to 35 per cent of the shrubby cover. 
At all locations, Alriplex canescens showed lesser coverage than the 
DaIea in the same stand. Tetradymia CO'J1wsa occasionally shares dom­
t inance with Dalea in the deeper sands. The sandy soil and the relatively dense herbaceous vegetation of 
Ihis association provide the environment for an abundant rodent popu­
lation. Evidences of rodent activity are certainly less in the little 
greasewood-shadscale association even when immediately adjoining 
the Daleetull1. Hall (1941) has found, that in almost all cases, the 
pallid kangaroo mouse (Microdipodops pallidus) is restricted to fine 
sands occupied by Dalca polyaden,io" A t1'iplcx caJ7.eSCcrlS) and their as­
sociates. On the other hand, the dark kangaroo mouse (ill{. mcgace
phalus) seems almost confined to the coarser soils containing gravel 
usually oCClipied by a di fferent type of shrubby community. 
The dalca association seems to exhibit relationship with certaiu 0 [ 
the associations of the warmer deserts of A rizona and southeastern 
Cali fornia. One of the dominants, A l1'iplcx W'/1escens. is common on 
the sandy soil s of the Southwcst. rVIany 0 [ thc herbaceous species 
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also range to the southern deserts. Floristically, this community 
could have evolved from Mohavian sources with the disappearance 
of Lake Lahontan. 
4. BIG GREASE WOOD ASSOCIATION 
(Sarcobatetum vermiculati) 
The big greasewood association is the most extensive of the truly 
halophytic communities within the region. It occupies the saline clay 
soils around the margins of the playas where the subsoil is always 
moist and only the surface crust dries in late summer. The structure 
of the shrubby stratum at three stations is shown in table VII while 
the soil characteristics at two of these locations are listed in table IX. 
vigure 3 presents the typical field appearance. 
Figure 3. Big Greasewood association on wet saline clay at edge of Hot 
Springs playa. Station 3, 81h miles northeast of Fernley, Nevada. 
The big greasewood association is very poor in species.. The dom­
inant un ion is the Sarcobatus vermiculatus union which consists of 
only two species: Sarcobatus vermiculatus and Atriplex lentiformis 
subsp. Torreyi. In many cases, the latter species is absent and only 
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big greasewood is present in pure stand. The sparse herhaceous flora 
usually consists of scattered clumps of seepweed, mainly nondia nigra, 
and poorly developed patches of desert saltgrass, Distichlis st1'icla 
(Torr.) Rydb. Exotic chenopodiaceous herbs. notably Sa/sola koli 
val'. tenuifolia and EcltinopsiloH lryssopifolius (Pall.) :\1oq. (Bassia 
h~/ssopifolia Kuntze), often invade this community after di;;turbanc0. 
At Station 1 in this type,' patches of moss were present arounel the 
bases of the greasewooel, being especially well developed where the 
greasewood had died. 
The soil of this association is made up primarily of the riner f rac­
tions and varies in most cases from silt loams to clays. The surface 
soils are usually loamy and friable when dry, while the subsoils start­
ing at a depth of about 3 decimeters tend to be heavy, prismatically 
jointed clay. In places, this sitllation may be reversed. the surface 
soil being a clay and the subsoil loamy. This raises the question as 
to whether the soils, of the big greasewood association and the adjoin­
ing bare playas show true horizons or merely geological strata. Cer­
tainly, new material is constantly being washed or blown into the 
playas from the surrounding hills and ancient lake sediments. The 
soils seem to be solontchak with rather bigh alkalinity th roug-hout the 
profile, ranging from pH 8.5 to about pH 9.5. The soils contain 
rather high quantities of soluble salts. the percentage increasing from 
the lower part of the profile to the upper, This is the result of evap­
oration of the soil water at the top of the profile which usually pro­
duces a whitish crust of salts over the soil surface by late summer. 
The ground coverage of the shrubs in the big greasewood type is 
quite variable, depending evidently upon the salinity and alkalinity 
of the soil. The coverage varied from about 4 per cent to 24 per cent 
at the stations studied. Atriplex le1'ltiformis subsp. Torreyi is more 
intolerant of increasing salt content of the soil than is the greasewoocl. 
The saltbush is completely absent from !itands where the soil salinity 
is too high and drops out before greasewood as one approaches a 
barren playa through this association. Lowrance (1939) at Station 2 
found myrmicine ants, possibly Pogonomyrmex, burying seeds of the 
AtripIex under the friable surface Ctust at a depth of from 5 to 10 
centimeters. Since the soil at this depth is more moist and less saline 
than the surface soil, the establishment of this species of Atriplex 
in the presence of a salt crust may be dependent to some extent upon 
the ant. 
In an attempt to find the limit of tolerance of Sanoba/us venniw­
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latus to salinity and alkalinity. samples were takeil (rom the bare playa 
of Eight-mile Flat abollt 40 meters beyond the edge of a stand of 
big greasewood. The pH of this soil was 9.6 throughout the profile. 
The salinity of the surface soil was over 5 times that of the sllrface 
crust within a normal stand of the big greasewood type, while the 
subsoil contained over twice as much salt as is usually the case in the 
subsoil of a normal stand. 
The rising and falling' of the playa-lakes over the years has a 
pro found ef fect on this association. There are places ;n the Hot 
Springs Flat, northeast of Fernley. now covered with water, which 
once supported a big greasewood community. This is evidenced by 
the numerous dead greasewood btlshes far out in the shallow lake. 
Conversely, in a greasewood stand about 14 miles south of Fallon, 
there are numerous remains of Typha rhizomes still embedded in the 
soil. This latter case is probably due to the draining' of the sllrround­
ing land for agricultllral purposes. 
5. BrG GREASE"WOOD-SHADSCALE ASSOCIATION 
(A friplico-Sarcobal.eftmt) 
This luxuriant association results from the simultaneous occnrence 
of the Sarcobo,/us vennindatus union with the SaTCoba,tus Baileyi­
Alriple.,: conf(wtifolia union. The composition of the two shrubby 
layers as analyzed at two stations is presented in table VIII. Soil 
characteristics at Station 1 are listed in table IX. 
The big greasewood-shadscale association occurs between the playa 
communities and the uplancl associations where soil conditions are just 
right for its development. The community is particularly well de­
veloped around the smaller, drier playas of the higher elevations. It 
i~ no.t too common. It may be that some stands of this type have 
been destroyed in the establishment of agricultural land in the Fallon 
area. Doth stands utilized in the present study are in the far north­
western corner of the region. Although many more analyses are 
necessary, the soil seems to be a solonetz with the upper 2 or 3 deci­
meters loamy, low in salts. and with the pH slightly above 7. At 
about 3 decimeters, there is a sudden transition to a heavy, alkaline 
(pH 9) clay with a slightly higher salt content. This zonation could 
be caused by the washing OLlt of the salts in the upper part of the soil 
by an unusual height of the playa-lake at some time in the past. On 
the other hanel, the upper layer of soil could represent outwash ma­
terial from the hills sllch as might be deposited in a bajada. This 
102 
geological explatl~ 
(1935) in Hung-aI' 
In each of the 
most exactly 30 pt 
senteel by SarcotJr 
Torrr.yi is clearly I 
total shrubby COH 
by Atriplc.l' COllIn 
Bailey£-Atripll'x c 
absent in this asso< 
tia la'nata, and K 0 
vVats. arc also pI'< 
baceous Ycg'etatioll 
in tb<: wetter spots 
under the shrubs. 
the most prominet 
The principal q 
brush, Chrysothm11 
and C. naltsr.oslts 
mtmlty is not com 
nature. It: has bt 
The two principal 
beaches at Pvram 
s/1'icla, EchiJlo psil 
i'ropiu11t cl.wassll'ui 
species 0 f a more 
Tbis associatio 
the iodinebush, ,~ 
sionally, saltgrass, 
tween the bushcs 
meters each were 
about 6 per cent I 
meter. 




This association is usually represented only by scattered plants of 
the iodinebush, AI/enrolfea ouidentalis (S. "Vats.) Kuntze. Occa­
sionally, saltgrass, Distidtlis stricta-, forl11S an herbaceous synusia be­
tween the bushes, At one station where 25 quadrats of 9 square 
meters each were laid out, ioclinebush showed a total coverage of 
about 6 per cent of the area with a density of 0.7 plants per square 
meter, 
7, IODII\EflUSH: ASSOCIATION 
(A llem'oifeetU11'1 occidental-is) 
The principal dominants of this association are two kinds of rabbit­
brush, Ch,'ysotha1'J't',uls nauseosus var. consi'/'Hil1's (Greene) H. M. Hall 
and C. nauseosus var. hololeucus (Greene) H. !"II. Hall. The C0111­
munity is not COlt1111011 in the region and seems to be successional in 
nature. It has been observed occupying drained or disturbed land. 
The two principal varieties are present on the recently exposed gra vel 
beaches at Pyramid Lake where they are associated with Distichlis 
stricto, Echinopsilon h-yssopJfolius, Salso!a. kah var. te-nuifolia, Helio­
tropiuwl- cunzssaVin.(11·L var. O(UlatU11'L (Heller) Johnston, and other 
species 0 ( a more or less transitory nature in succession. 
geOlogical explanation for solonetz has been proposed by Scher t 
(1935) in Hungary as cited by Jenny (1941). 
In each of the two stands studied, the total shrubby cover was al­
most exactly 30 per cent of the area of the stand. The union repre­
sented by Sarcobat1ts zlcrmicula.f1./s and Atriplex lentifo-rwtis subsp. 
Torr('yi is clearly dominant, making up from 70 to 80 per cent 0 f the 
total shrubby cover. The low shrub stratum is' occupied principally 
by Atriple,r confertifolia and Arfc111isia spinesce-ns of the Sarcobatus 
Baileyi-Atriple.t· co1Lfertifolia union. Sa-l'Cobatus Ba-ilcyi is rare or 
absent in this assocLation. Tt'lradY111,ia sp·in.osa., Grayia spinosa., £1(.1'0­
tia lana.ta, and Kochia amcrimna S. "Vats. and its variety vestita S. 
VI/ats. are also present. No intensive survey was made of the her­
baceolls vegetation of this association. Dondia nigra seems to OCClll' 
in the wetter spots, while ItlOst of the herbs appear to be concentrated 
unde~ the shrubs. Thelypod-iI/1'IL sagittaim'rt (~utt.) End!. is, perhaps, 
the most prominent in this latter habitat. 
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The usual location for the iodinebush association is on a terrace 
adjacent to and from 5 to 10 feet below a big greasewood community. 
These terraces appear to be the res111t of wave erosion of the sedi­
ments under big greasewood when the playa-lake is at an unusually 
high level. The surface soil in the Allenrol feetum, unlike that in the 
Sarcobatettlm. usually stays wet all summer. A small soil well in a 
stand of this type revealed a friable crnst to about 5 centimeters, fol­
lowed by a wet clay which in turn was underlain at about 20 centi­
meters by a heavy, wet subsoil of prismatic clay. Analysis of the 
sur face soil showed a pH of 8.8 and a soluble_ salt content 30 times 
greater than that of any big greasewood surface soil tested. 
8. SAMPHIRE ASSOCIATIOK 
(Salicornietum rubrae) 
Soils which are strongly saline and wetter than those under iodine­
bush provide the environment for an annual community dominated 
by Solicornia rubra A. Nels. The Salicornietum usually forms a 
prominent zone along the edges of small channels of water running 
into a playa. These streams are outlined in the autumn by the sam­
phire's brilliant red. The individuals are usually very close together 
ancl, therefore, rather small. A series of 10 quadrats, each enclosing 
1 square decimeter. evenly spaced throughout a stand of samphire re­
vealed th~t the stocking was at the astounding rate of }3,S70 plants 
per square meter at maturity. 
9. ALKALI-GRASS ASSOCIATION 
(Puccinellietum fasciculatae) 
The alkali-grass association is characteristic of highly saline soils 
which are shallowly covered during most of the growing season by 
small ponds of still water. Sometimes, it occurs as a zone in the 
shallower channels just inside the Salicornietum. The typical situa- . 
tion shows tussocks of Puccinellia fasciculata (Torr.) Bicknell scat­
tered rather openly and evenly through a small, shallow, saline pond. 
10. SALTGRASS ASSOCIATION 
(Distichletwm strictae) 
The dominant plant of this association, Distichlis stricta, appar­
ently is able to tolerate a wide range of conditions. As a result, this 
community may be founc\ on almost any saline soil except the very 
driest.' Extensive stands occur in the shallow water around the edges 
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of some of the more permanent playa-Iakcs. 1t may also OCCtlf' along 
the more shallow flowing channels. From these locations, the long 
rhizomes spread out in all directions and establish the plant on the 
relatively dry saline soil of the banks. At Pyramid Lake, saltgrass 
is abundant as an invader of the recently exposed beach sands and 
gravels. In big greasewood stands adjaccnt to bare playas, saltgrass 
may be present as an herbaceous synusia. The Distichlis stricto union, 
thus, may exist as a unistratal association or represent the herbaceous 
layer in a multistratal association. In addition to the dominant spe­
cies, D1·~·tichlis de~lta/a Rydb. is sometimes present. 
ill. BULRUSH ASSOCIATION 
(Scirpetum) 
Emergent plants belonging' to Lhe genus Scirpns constitute almost 
the whole of the bulrush association. Present in varying degrees of 
abundance are Scirp'~~s mneriw1tus Pcrs., S. chile1'lsis Nees. and Mey., 
S. palu.dosus A. Nels., and S. oculus Muhl. At anyone location, usu­
ally only one of the species is present in pme stand. Further investi­
gations of the growth requirements of the species may reveal more 
than one association dominated by Scirpus. Some species seem to 
prefer running water, while others are most common in quiet, hrack­
ish water. Strictly speaking, the term "tule" should be applied to 
plants of this genus only. In western Nevada, howevcr, the term is 
loosely applied to any narrow-leaved emergent vegetation alld in this 
paper, emergent tule associations will include the Typhetum and 
Eleocharetum in addition to the Scirpetum. 
12. CAT-TAIL ASSOCIATION 
(Typhetum) 
The Typhetum in the Carson Desert region seems to be dominated 
almost entirely by Typha angustifolia L. It occurs principally in 
deeper water than does the Scirpetum. Like that association, it covers 
many square miles in the region especially around Carson Sink and 
in the region of the Stillwater Slough. The abundance of cat-tail in 
the region has led to investigation of tbe areas as a possible source of 
down ("typha") to replace kapok in various uses. 
13. SPIKE-RUSH ASSOCTATION 
(Eleocharetum) 
Spike-rush, mainly EleochM'is macrostachya Britton, occasionally 
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forms pure stands in shallow water. It is particularly abundant in old 
ditches. 
14. COTTONWOOD ASSOCIATION 
(Popu.letum Fremontii) 
The cottonwood association is the only arborescent community to 
enter the Carson Desert region below 6,000 feet. The PopuletulTI 
forms galeria forests along the lower Truckee, Carson, and \Valker 
Rivers. In places, these groves may be almost a mile in width. al­
though usually they are not more than a few hundred feet across. The 
dominant stratum is occupied by a union consisting entirely of Popu­
lus Fremontii S. Wats. Two shrubby unions are usually present; a 
Salix union immediately adjoining the river shore and the Artemisia 
tl'identata union over much of the flood-plain. The herbaceous vege­
tation, because o~ continuously available fresh water, is relatively 
luxuriant. It consists of a number of species of perennial grasses 
and other herbs. Much of this type is now under cultivation or in 
grazing. 
15. SAGEBRUSH ASSOCIATION 
(Artemisietum tridentatae) 
The sagebrush association is typical of the semi-arid steppe coun­
try surrounding the Carson Desert on the west and north and on the 
higher mountains to the east. The Artemisietum does, however, enter 
the reg-ion concerned in this paper under two circumstances. In its 
typical form, the sagebrush association replaces the little greasewood­
sha<;lsc.ale association above the highest Lahontan beach on the hills 
in the northwestern part of the region. Here, it is the climatic climax 
under precipitation in excess of 7 inches per year. The line between 
the little greasewood-shadscale type on the Lahontan sediments and 
the sagebrush association on the hills is sometimes quite sharp in that 
part of the Carson Desert area. In places on the west side of Pyramid 
Lake where the precipitation is adequate, the Artemisietum may come 
down On the rather thin Lahontan gravels of the steep slopes of that 
vicinity. An occasional individual of ]u.nipenls utahensis (Eng-elm.) 
Lemmon may also appear there with sagebrush. The second type of 
occurence of this community in the Carson Desert is along the lower 
flood-plains of the rivers in places either too dry or possibly too saline 
for Poptdus Fremontii. 
Since the sagebrush association is more typical of areas outside the 
Cars'on Desert region, a detailed analysis of the community will not 
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be presented in this paper. It will suffice to describe the association 
[ in general tenns. On the residual soils of the hills where the sagebrush association is the climatic climax, the Artemisietum consists of three unions. The frutescent union is characterized by A1,temisia fr·iden(a.fa, 
~. Tetradymia glabrata, Ephedra viridis Coville, Grayia spinosa, Purshia 
fr·idenlala (Pursh) DC., Ribes veluf,inwl'n Greene, Chrysothal1t1t'US 
puberulus (D. C. Eaton) Greene, and Chrysothal1tnUS nauseosus 
(Pall.) Britton. The perennial union exhibits several bunch-grasses 
and numerous forbs. Characteristic of this synusia are Sitanion 
hystrix, Poa secunda Presl.. Delphinium Ande'rsonii A. Gray, Zyga­
I, denus venenosus S. Wats., and numerous others. The composition 
of the original annual union in this community is somewhat dif ficult 
to determine because of the present dominance in that stratum of the 
introduced BroH'!u.s tectan/.m and BTO'InUS rubens. The abundance of 
these two species is due, in part, to repeated range fires in the region' 
caused primarily by the very presence of the bromes themselves. The 
great amount of combustible material produced by these two species 
creates a considerable fire hazard in this association during the dry 
summers. The fires tend to eradicate the native perennial herbaceous 
and woody vegetation leav.ing almost pure stands of Bromus over 
considerable areas. It seems safe to say that Amsinckia tessellaf,a 
A. Gray, CollinJ'ia paruiflora Doug!., Mimulus 11'!ontioides .Gray, and 
Pfiacelia adenophora J. T. Howell are at least prominent members of 
the native annual union in the sagebrush association. 
CLIMAX RELATIONS 
Figure 4 illustrates, in a general way, the topographic and geologic 
relationships of the principal plallt associations of the Carson Desert 
region. On the broad, dry plains of the Lahontan sediments and on 
the residual soils 0 f the lower mountain ranges in the southern part 
of the region, the little greasewood-shadscale association appears to 
be the climatic climax. The climate of the little greasewood-shadscale 
association is warmer and distinctly drier than that of the Artemisie­
tum. The normal precipitation of the Sarcobatetum Baileyi ranges 
from 4 to 6 inches, 50 to 75 per cent of the minimum required by 
sagebrush when not supplied by underground water. In the slightly 
cooler and r:nore moist northwestern part of the region, the lower ele­
vationallimit of the sagebrush community on upland soils more or less 
coincides with the highest level reached by I:.-ake Lahontan. Post­
climax sagebrush and post-climax cottonwood enter the desert along 
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1. Fifteen associations are described in a phytosociological analy­
sis of the vegetation of the Car:;on Desert region, an area of micro­
thermal arid climate in western Kevada. 
2. Particular emphasis is placed upon the frutescent associations. 
The little greasewood-shadscale association on Lahontan sediments 
and residual soils, the dalea association on aeolian sand, the big grease­
wood association and the big greasewood-shadscale association on 
saline days are quantitatively analyzed at a number of stations. 
3. The little greasewood-shadscale association is considered to 
'be the climatic climax on normal soils in this region where the precipi­
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STATION LOCATIONS 
LITTLE GREASEWOOD-SHA DSCALE ASSOCIATION 
Sta. 1. 4.7 miles northeast of Hazen along power line. 
Sla. 2. Adjoining Ft. Churchill at foot of Ch.urchill Butte. 
Sta. 3. 15.6 miles south. of Fallon. 
51a. 4. 9.2 .miles southeast of Fernley, on bench just west of Black Butte. 
Sla. 5. 10.1 miles llorthe.asl of Fernley. 
Sta. u. 18.5 miles south of Fallon in Desert Mountains. 
Sta. 7. 5.2 miles north of Schurz, south slopes of Desert 1.fOllntains. 
Sta. 8. 3.S miles norlh 01 \Vabuska. Desert Mountains. 
Sta: ~. 3 miles west 01 Sanu Springs, just north of Eight-mile Flat. 
5ta. 10. S miles southwest of Pyramid Lake. ncar Pyramid Mining Dist. 3 roau. 
5ta.	 12. o miles nurth of Schurz in Desert Mountains. 
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Sta. 1. Just" 
Sla. 2. .:1.2 Illi, 
Sta. 3- 5.7 Ill! 
Sla. 4. 10.~ m 
Sta. 5. 18 mi" 
Sta. 6. 16 mil, 
Sta. 7. 3 mib 
Sta. 8. 2 mile~ 
Sta. 9. 1 mile 
Sta.	 10. S.2 mil 
51a. I. lA mil 
Sta. 2. llllllled 
Sta. 3. 8.7 mil 
BIG < 
Sta. 1. Huundl 
Sla. 2. 8 miles 
Species of the : 
StiR 
Sarcobalus Haile 
Atl'il)lex con ferli 
& Frem.) S. \' 
..\ rtemisia spine~c 
Eurotia lanata (1 







T etradymia spino 
Hymenoclea ia~c 
Tetradymia glabJ 
Grayia spinosa ( 





& Schult.) Ricl 
IKept of plant eOl11munitie~. (The 
Univcrsity of :\cvada. Heno. 
lures of :'>iort!l Amcrican dcsert;,. 
un of :\rizona. eni\'. :\riz. Agrie. 
.Mohavc and Colorudo Deserts of 
'''9. 
ry of Lake Lah'!I1tan. Monogr. 
(,j:{isehe Verhaltnissc dcs Pll'istozans 
ieiehene Lind ih re l~e7.iehl!ng·en Z\1 r 
){1·lleulstel1llllg·. RelutiolJes Annuae 
: 1-37. Budapest. Citcd in Jenny, 
. 'cw York. 281 pp. 
rt shrub. In Shantz. rT. L. and R. 
eriean AgriClllture. C. S. Dept. 
i~s in Ctah and \. evada. In Tille­
ContI'. U. S. :\at. ~hls. 25: 15-23. 
194.	 lndicator si~nificanee of the 
descrt region. Jour. :\grie. Res. 
)f thc Sonoran Desert. Scient. 
Hf Arizona. In Kearney, Thomas 
tllants and fern.s oi ,\rizona. U. S. 
States 
~lb. 421. \V ashing·ton. 7 pp. 96 pI. 
logical Exploration of the Fortieth 
Black Butte. 
rt Mountains. 
IQpes of Desert ~I()untains. 
Mountains. 
north oi Eight-mile Flat. 
• Ileal'	 Pyramid Mining Dist. 3 roal!. 
fountains. 
D.ALEA ASSOCIATJO~ 
Sta. 1. Just west of Letteville, north side of Carson River.
 
Sta. 2. 4.2 miles northeast of Fcrnley.
 
Sta. 3. 5.7 miles northeast of Fernley.
 
Sta. 4. 10.9 miles northeast of Hazen along power line.
 
Sta. 5. 18 miles north 01 Schurz in Desert Mountains.
 
Sta. G. IG miles north of Schurz in Desert Mountains.
 
Sta. i. 3 miles west of Sand Springs, just north of Eight-mile Flat.
 
Sta. 8. 2 miles west of Letteville, lIorth sidc of Carson River.
 
Sta. 9. 1 mile north of Wadswo.-th.
 
Sta. 10. 5.2 miles northea~t of Fernley.
 
BIG GREASE\VOOD ASSOCLATIO:--J 
Stu. I. 1.4 miles cast of Stillwater.
 
Sta. 2 Immediately southeast of Hazen .
 
Sta. 3. 8.7 miles northeast of Fernley ill Hot Springs Flat.
 
BIG GREASEWOOD-SHADSCALE ASSOC1ATION 
Sta. I. ]{oulldhole Ranch!, edge oi Smoke Creek Desert. 
Sta. 2. S miles southwest of Pyramid Lake, Cottonwood Crcek Sink. 
TABLE I 
Spccies of the Sarcobatettllll Baileyi listed in decreasing order of presencc 
at ten stations. 
SHRL'BS 2 3 4 5 G 7 8 <) LO 
Sareobatus Baileyi Coville. x x x x x x x x x x 
.\triplex coniertifolia (Torr. 
& Frem.) S. Wats. x x x x x x x x x x 
!\ rtemisia spinesecns D. C. Eaton. x x x x x x x x x 
Eurotia lanata (Pursh) Moq. x x x x x x 
Lycil11n Cooperi A. Gray. x x x X x 
Optlnlia pulchella Engelm. x x x 
Dalea po)yadenia Torr. x x 
Eph~dra nevadensis S. Wats. x x 
Opuntia erinaeea Engelm. x x 
Sareobatus vermiculatns 
(Hook.) Torr. x 
Tetr.adymia spinosa Hook. & Am. x 
Hymenoclea faseiculata A. Nels. x 
Tetradymia glabrata A. Gray. x 
Grayia spinosa (Hook.) Moq. x 
Artemisia tridentata Null. x 
PERF.!\'JI,'l ..\L HERns 
Sphaeralcea ambigua subsp. 
montieola Kearney. x x x x x x x x 
Oryzopsis hymenoides (Roem. 
& Schult.) Ricker. x x x x x 
III 
TABLE [ (Continued) 
Species of the Sareobatetum Baileyi li~ted In decreasing 
at ten slations. 
I 2 3 4 5 
HermidiuITI alipcs S. \Vals. x x x 
Hilaria ]all1esii (Torr.) Benlh. 
Hhysopterus corrugatus (Jones) 
Coulter & Rose. 
Lygodesmia grandiflora (Nnll.) 
Torr. & Gray. 
Astragalus iodanthus S. ·\Vats. 
Stipa speciosa Trin. & Rnpr. 
Sitanion hystrix (Xutt.) ]. G. 
Smith. 
ANNl'.\L HERDS 
Cryptanlha circumseissa (Hook. 
& Arn.) ]ohnSlon. x x x x 
Eriogol1llm vimineum Duug-1. x x 
Glyptopleura margin,lta D. C. 
Eaton. x x 
Bromus rllbens L. x x 
Cryptanlha micranlha (Torr.) 
] ohnsto11. x x 
Oenothera c1avaeforl1lis Torr. 
& Frel1l. x 
Oenothera conlorta Dougl. x x 
Fcstuca oCloflora \Valt. and var. 
hirtclla Piper. x 
Gilia kptomcria A. Gray. 
Abronia lurhinafa Torr. x 
Dcscma;nia L'alifornica (A. Gray) 
O. E. Schulz. x 
Cryptantha pterocarya (Torr.) 
Greene. x 
Eriogonul1l pusillum Torr. & Gray. 
Bromus lectorum L. x x 
Streptanthel!a long-irostris (S. 
\.Vals.) Rydb. x 
Frillgc.llHlll1 angulosum Benth. x 
Coldenia Nuttallii Hook. x 
Lepidium flavum Torr. 
Euphorbia ocellata var. arenicola 
(Parish) ] ('pson. 
\"ama aretioides (H. & A.) Brand. 
Erotlium cicutari11ITI (L.) L'HeL 
Amsinckia tcsselata A. Gray. 
Descl1l'ainia sp. x 
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TABLE I (Continucd) 
Species of the SarcobatetUln l1aikyi listed in decreasing order 0 f pn'SClKl' 
a t ten stations. 
1
 
Jl 1 2 3 4 5 6 7 (:; ~ 10
 ,~~I ' Cryplanlha sp. x
 
Caulanlhus pilosus S, \\'al~. x
 

































Aslragalus diphysus A. Gray. x

.-1 
Chaenactis stevioides Hook. & i\rn. x
 
i'-lalaeotJll'ix glabrata A. Gray. x

'I Eriogonl1m sp.? x
 
Descl1raiuia paradisa (:\e1s. &
 
Kenll.) O. E. Schulz. x
J.t 
l
 DesCllrainia sophia (L.) \A,/ebb. x





QllanLilatin~ eomposilion of the f rutescenl (dominanl) stratum of the 
Sarcobaletum Haileyi al fi"e stations. All iigures based on 25 quadrats of 9
1, square meters cach at each station. f = f"equency, d = density per square
 





SPECIES 1 2 3 4 5
 
Sarmbatlls Baileyi f 1)2 IOU lUO· QG 88
 
d .35 .33 .5l .26 15
 
c 3.24 5.36 6.88 --132 j.48
 
pc 54.36 53.49 58.01 56.54 67.97
 
Atriplex con ferli folia i 90 84 100 92 76
 
cI .21 .28 .82 .46 .19
 
:1 c 1.12 1.52 2.24 3.32 1.20
 






Quantitative composition of the Irutcscent (dominant) stratum oj the 
Sarcobatetum Baileyi at five stations. 1\ II figures based on 24 quadrates of 9 
square mel.ers each at each station. f = frcquency, d = density per square 
mctcr, c = percentage coverage of total area, pc = percentage of tOlal shrubby 
cover. 
SPECIES I 2 3 4 5 
A rlcmisia spinescens f 68 96 100 28 
d .22 .97 1.53 .08 
c .76 3.08 2.72 .12 
pc 32.75 30.74 22.93 2.34 
Lyeium Cooperi f 48 12 
d .22 .01 
e .72 02 
pc 12.08 .16 








Eurotia lanata f 8 40 
d .01	 .09 
e .02	 .20 
pc .20 3.90 





Ql1antitative composition of the herbaceous unions of the Sareobatetum 
I\aileyi at ten stations in 1941. .\11 figures hased on 25 quadrats of 1/5 square 
meter each at each slat ion. C = frequency, d = density pcr square meler. 
Pr:RENNI:\LS 2 3 4 5 6 7 S 9 10 
Qrywp,i" hymenoides f 4 4 8 
d .2 .2 .6 
~phaeralcca	 ambigua 
llJunlieola f 4 24 16 
d .2 1.2 1.0 
.,,,tragalus iodanthus f 4 
d .2 




Bai leyi at tcn stal 








Deseurainia cali C, 
Eriogonum pusil 












T.\BLE III (Continued) 
) stralUlIl oi the Quantitative composition of the herbaceous unions af the Sarcobatetulll 
24 (luadralcs of 9 Baileyi at ten stations in 1941. All figures based on 25 quadrats of 1/5 square 
density pcr square meter each at each station. i = frcquency, d = density per square meter. 
~e oi tOlal shnlbby .1 
AN:<L:.\J.S ) 2 3 4 5 6 7 8 C) J() 
Cryptantha.. cireulllseissa f 16 36 8 4 64 )(j 
4 5 d 1.0 3.2 .6 .2 12.2 2.41:?~ Cryptantha Inierantha f 36 20 
.I1~ d 4.0 1.8 
.12 Oenothera clavadol'lnis i 4 4 
2.34 d .2 .2J 
l'
 EriogonullI vimineurn f 8 4 4 5:>
 d .4 .2 .2 6.8 
Cryptantha sp. i 8 
d .4 
EriogonuUl :lIlgulu'llm f 4 16 
d .2 1.2 
Dcseurainia cali foruiea f 16 
~ 
·w d 1.8 
Eriog011luTI pusiJIUln f }2 20 8 
d .6 1.6 1.0 
!\msinekia sp.? f 4 
I
d .2 
.11) Oenothera deltoides Piperi i 4 
.(lC) d .2 
.20 Lepidiurn flavull1 j 4 
3.90 d .2 
8 Erodium eieutaritUll i 4 
.02 d .2 
.12 Hromus ruben:; i 24 12 
2.34 d 2.2 .8I 
Astragalus OillhyslIs f 4 
d .2 
Strcptanthella IOllgirostris f 4
 
the Sarcol1il!clulll i{.
 d .2 
Irats of 1/5 square r~ Oenothcra eontorla f 12 12 
!quan: mcler. d 1.6 .8 
I Cilia leptol1lcria f 8 20 
i 
7 3 9 10 I 




Chatnactis stcvio;rks ( 2024 16 
d 2.0J.2 1.0 
Glyptopleura Illarginata f 124 
d 1.0
.2 
4 l\oJ alacothrix glabrata f 12 
.) d .6 
IlS 
TABLE IV 
Specics of the Dalcetum Iistcd ITI decrca'sing order of prescnce Spccies of 
at ten stations. 
SHRl:B,; 2 3 4 5 6 7 8 9 10 SHRU 
Dalea polyadcnia Torr. x x x x x x .x x x x Kama aretioides (I 
Atriplex canescens (Pur~h) NutL x x x x x x x x x x Mentzelia albical1lil 
Tetradymia glabrata 1\. Gray. x x x x x x x x x x Malacotbrix soncbl 
Tetradymia com.osa A. Gray. x x x x x x x x x Torr. & Gray. 
Sarcobatus Baileyi Coville. x x x x x x x x Oenothera clavacin 
Eurotia lanata (Pursh) MoC!. x x x x x Frem. 
Opuntia pulchella Engelm. x x x x B raIn liS tectorum L 
,\triplex confertifolia (Torr. & S trep!an!bclla long: 
Frem.) S. Wats. x x .. .'vVats. ) l<ydb. 
Artemisia spinescens D. C. Eaton. x x Glyptoplcura 111arg-: 
Grayia spinosa (Hook.) MOQ. x x Eaton. 
Tetradymia spinosa Hook. & Arn. x Salsola ka.li var. tcn 
Hymcnoc!ea fasciculata A. Nels. x Cbaenactis Xantian; 
Ephedra nevadensis S. Wats. x Oryctes neva<lensis 
PERENNIAL HERBS Eriogonum vimineu 
Oryzopsis hYlllenoides 
Scbult. ) Ricker. 
(Roem. & 
x x x X X' x x x x 
Oenothera cnntorta 
B.romus rubens 1.. 
Spllaeralcea ambigua subsp. Lupinus intermontal 
monticola Kearney. x x x x x Astragalus diphysus 
Pentstemon acuminatus Doug!. x x x x x ChenopodiulII leptop 
Rhysopterus corrugatus (Jones) Eriogollum angulO>l 
Coulter & Rose. x x x x Descuraipia californ 
Lygodesmia grandi flora (Nutt.) O. E. Schulz. 
Torr. & Gray. x x Plagiobothrys Harkl 
Rumex venosus Pursh. x x l'\els. & ~[achr. 
HCrinidium alipes S. Wats. x Descurainia longipel 
ANNUAL HERES (Fourn.) O. E. $I 
Coldenia N uttallii Hook. x x x x x x X x X x Malacothrix gJabrat; 
Ahronia turbinata Torr. x x x x x x x x x x Cryptantha sp. 
Cryptanlha circumscissa (Hook. :\ama depresslllll L€ 
& Am.) Johnston. x x x X x x x x x Festllca octoilora \\ 
Gilia leptomeria A. Gray. x x x x x x X x x hirtella Piper. 
Euphorbia ocellata var. arenicola Gilia iloccosa A. G 
(Parish) Jepson. x x x x x x x x Heliantbns anomaln 
Oenotbera deltoides var. Piped Chenopodiulll sp. 
Munz. x x x x x x x x r-'ranscria acanthica 
Cryptalltha micrantha (Torr.) Coville. 
Johnston. x x x x X X X x Cleome lutea Hook. 
EriogOlllull pusillum Torr. 
& Gray. x x x x x x x x 
Phacelia bicolor Torr. x x x x x x x x 
Tripterocalyx crux-maltae 
(Kellogg) StandI. x x x x X x 
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TABLE IV (Continued) 
crcasing ordcr of presence Species of the Daleetum listed In decreasing' order of presence 
os. at ten stations. 
3 4 5 6 7 H 9 10 SHRUBS 2 3 4 5 .6 7 8 9 10
 
X X X X X X X x Malacothrix sOl1choides (Kutt.)
 
x x J( x x x x Torr. & Gray. J( x x x x
 
x x x x .Ie x Oenothera clnvaefonnis Torr. &
 




x Glyptopleura marginata D. C.
 
x x Eaton. x x x
 
Salsola ka,li var. tenuifolia Tausch. x x x.
 
x x x x x x x x l'iarna aretioides (H. & A.) Brand. x x x x x
 
x x x x x x X x Mentzelia albical1lis Doug'!' x J( x x x
 
x x x x Frem. x x x x
 
x .. '\Vats. ) Rydb. x x x x
 
x Chaenactis Xantiana A. Gray. x x x
 
x Oryctes nevadensis S. Wats. x x x
 
Eriogollum vimineum Doug\. x x x
 
Oenothera contorta DQug·!. x x x
 
x x x x x x x x RrOlnus rubens L. x x x
 
Lupinus intermontallus Heller. x x x
 
X x x x Astrag'aJus diphysus A. Gray. x x
 
x.	 x x x Chenopodium leptophyllum N utt. x x
 
Eriogonll1n angulosllm Benth. x x
 
x X x. Descurai)lia cali fornica (A. Gray)
 
O. E. Schulz. x x
 




x x x x x x x Festuca octoflora \Valt. and vnr.
 




x x ;'\els. & Macbr. x x
 
(Fonrl1.) O. E. Schulz. x x
 
J( x x x x x x x Malacothrix glabrata A. Gray. x x
 
X X X X X x x x Cryptal1tha sp. x
 
:\ama depressum LenmJOn. x
 
x x x x x x x hirtella Piper. x
 
Gilia floccosa A. Gray. x
 




x x x x
x x x	 Cleome lutea Hook. x
 
:x x x x x x
 
:x x x x x x x
 




Quantitativc composition of the frutcscent (dominant) stratum of the Qtlantitativc 
Daleetum at seven stations. Figures for first three stations based on 25 f[lladrats Daleetum at seven 
of 4 square meters each; figures for remaining four stations based on 25 quad- of 4 square mcter, 
rats of 9 square meters each. rats 0 f 9 square f 
SPECI£~ 1 2 3 4 8 9 10 SPECIES 
Dalea polyaclenia f 60 44 52 84 100 64 84 A rte~'lisia spinescl' 
d .27 .26 .23 .27 .52 .16 .25 
c 9.48 3.84 5.72 3.32 9.60 2.88 3.10 
pc 33.52 39.83 23.87 31.92 84.51 24.44 39.00 
Atriplex canesccns f 52 24 56 12 8 48 4 



























stations in 1941. :\ 
each station. fc= 
c 3.00 .20 13.48 5.08 .30 PERDINI.' 
pc to.60 2.07 56.26 43.79 3.n Oryzopsis hymcl1oi( 
Sarcobatus naileyi f 24 44 16 12 8 36 40 
d .16 .39 .04 .02 .01 .04 .08 Sphacralcea ambigu 
c 7.16 3.68 .68 .76 .10 1.14 210 monticola 
pc 25.31 38.17 2.83 7.30 .88 9.83 26.40 
Tetradymia. glabrata f 4 4 4 4 28 Pentstemon acumiu;1 
d .01 .004 .004 .004 .06 
c .40 .08 .04 .10 1.94 ANNu:\L: 
pc 1.66 .76 .35 .~6 24.40 Coldcnia Nuttallii 
Ellrotia lanata f 92 96 36 4 
d .26 34 .06 •.004 Cryptantha circumsc 
c 1.40 1.52 .30 .01 
pc 13.46 13.38 2.59 .13 Abronia turbinata 
Atriplex confertifolia f 4 8 
d .03 .01 Cilia leptomeria 
c .20 .14 
pc 2.07 1.76 Euphorbia ocellata ;).r 
I-lYlllenoclca fascicnlata f 92 
d .30 Cryptantha miGl'llnthJ 
c 4.20 
pc 40.38 Phacelia bicolor 
Ephedra nevadensis f 8 
d .01 Salsola kali tenni folia 
c .16 
pc 1.53 Cryptantha sp. 
Grayia spinosa f 12 
d .01 Mentzelia albicaulis 
c .10 
pc .86 Tripterocalyx crUX-tn 
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TABLE V (Continued) 
Quantitative composition oj the f rutescent (dominant) stratum of th,t (dominant) stratum of the 
Daleetum at seven stations. Figures ior first three stations based on 25 quadratsree stations based on 25 quadrats 
of 4 square meters eaeh; figures for remaining {our stations based on 25 quad-four stations based on 25 quad­
rats of 9 square ineters each.
 
,	 SPECIES 2 3 4 8 9 10
,I 4 8 9 10 
A rtet"lisia 5p;neseens f	 2052 84 ]00 64 84 
d	 .05
.2:; .27 .52 .16 .25 
e	 .325.72 332 9.60 2.88 3.10 
pc	 4.0223.87	 31.92 84.51 24.44 39.00 
56 12 8 48 4 TABLE VI
.18 .01 .01 .07 .004 
3.68 .48 .10 2.00 .04	 Quantitative composition oi the herbaceous unions of the Daleetum at len 
15.35	 4.61 .88 17.24 .54 stations in 1941. All figures based on 2S quadrats of 1/5 square meter each at 
32 72 4 eaeb station. f ;= frequency, d = density per square meter. 
.14	 .11 .004 
PERRN NI,ILS 2 3 4 5 6 7 8 9 ]013.48	 5.08 .30 
Oryzopsis hymenoides f 8 4 8 48 24 4 24 44 4456.26 43.79 3.77 
d .4 .2 .6	 3.0 3.6 .2 1.2 3.2 2.R16 12 8 36 40
 
.04 .02 .01 .04 .08 Sphaeralcea ambigua
 




4 4 4 4 28 Pentstemon acuminatus f 8 8 64
 
2.83 7.30 .88 9.83 26.40 
d .4 A 4.2
.01 .004 .004 .004 .06
 
ANNUALS
040	 .08 .04 .10 1.94 
Cotdenia Nllttallii [ 52 80 48 8 28 56 76 8i'\1.66 .76 .35 .86 24.40 
d 5.8 14.4	 4.8 .4 2.0 10.8 148 100 92 96 36 4
 
.26 .34 .06 ' .004
 Cryptantha eircumscissa f 48 60 80 68 90 88 4t: 
d 3.8 7.2 16.8 9.4 25.6 19.0 3.41.40	 1.52 .30 .01 
A bronia turbinala [ 8 4 4 4 16 8 4 1613.46	 13.38 2.59 .13
 
8
 d .4 .2 .2 .2 .8 .4 .2 8 
.01 Gilia leplomeria [ 20 40 4 4 92 4 40 
d 1.6 3.2 .2 .4 23.2 1.4 4.0
.14 
1.76	 Euphorbia ocellata arellicola f 4 4 8 4 8 4 
d .2 .2 .4 .2 .4 .292 
Cryptantha mkrnntha { 4 4 16 44 28 12
.30 
d .2 .2 1.2 3.0 3.0 .S­4.20 
Phacelia bicolor f 8	 8 12 28 8 3640.38 
d .4	 .4 .6 1.8 .4 2.08 
Sal sola kali tenllifolia ( 20 8 :12
.01 
d 1.4 .6 1.(.
.16
 





 Mentzelia albicaulis f 4	 4 4 28 
d .2 .2 .2 1.6 





TABLE VI (Continued) 
Quantitative composition of the herbaceous unions of the Daleetum at ten 
station; in 1941. All figures based on 25 quadrats of 115 square mdtr each ,It 











































density per square meter. 
2 3 4 5 6 7 8 9 10 
12 16 8 32 24 
.8 .8 .6 1.6 1.4 
4 20 
.2 1.0 
20 28 36 







4 4 12 
.2 .2 .6 
8 12 12 
.6 .6 .6 
20 4 4 
1.6 .2 .2 
TABLE VII 
Quantitative compositIon of the irlltescent 
Sarcobatetnm vcrmiclliati at three stations. 
SPECIES 
Sarcobatlls vern'licll[atus (Hook.) Torr. 











(dominant) stratum of tIl(' 
1 2 :3 
d .59 .105 .07 
c 24.00 6.75 380 














s unions of lh~ DaleetllITl at ten 
rats of 1/5 square meter each at 
~llare meter. 
4 5 6 7 8 9 10 
16 8 32 24 















20 4 4 











(dominant) stratum of the 
] 2 3 
d .59 .105 .07 
c 24.00 675 3.80 





Quantitative composition of the frutescenl 
batelum at two stations. 
SPECIES 
Sarcobatus vermiCll1:ltlis 
A triplex lenti [ormis Torreyi 
Artemisia s[Jinesccns 

















































Soil characteristics at representative locations in the principal associations. 
% Rock Conduct· 
Greater % ance of 
Location Soil Tban % % % TOlal solution 
Bare region-Eight-mile Flat 
type 2 mm. Sand Sill Clay "Collo,rl~" pH a, K x 10' 
0--2 em. Clay 0 41.3 28.4 30.4 35.7 9.6 5006.2 
25 em. Clay loam 0 393 34.4 26.4 32.7 9.6 2053.8 
50 em. Sandy clay loam 0 63.3 14.4 22.4 26.7 9.6 1780.0 
Sarcobatetum vermicuJati-Sta. 2 
. 0--2 cm. Silt loam 0 19.4 76.0 4.6 46.6 8.5 1128.2 
..... 30 em. Silly elay 0 7.4 59,0 33,6 85.6 8.6 843,2 ~ 50 em. Clay 0 91 23,6 67.3 77.9 9.0 801.0 
Sareobatetum vermieulati-Sta. 3 
0--2 em. Sand 0 85.3 8.7 6.0 8.4 9.4 315.4 
25 em, Clay 0 ]33 20.0 66.7 76,7 9.1 272.4 
50 em, Clay 0 31.3 24.4 44.4 56.7 9.4 161.8 
Atriplieo-Sareobatetllm-Sta. 
0--2 em. Sandy loam 0 60,6 24.7 14.7 21.4 7.3 22,3 
30 em. Clay 0 45.6 12,0 42.4 46.4 9.1 66.4 
Sareobatetum Baileyi-Sta. 3 
0--2 em. Sand 24.9 82.1 15.0 2,9 4.9 7.7 16.4 
30 em. Sandy clay loam 17.6 61.4 17.6 20.9 25.6 8,9 48.3 
50 em. Sandy loam 0 71.4 18.6 9.9 12.5 9.0 89.6 
100 em. Clay loam 3.9 49,8 25.6 24.6 28.2 8,9 295,2 
iw""--­ ,,<t? --' -.,.­ _r;;.- ---;: - rr ...~ f.­ ?:!Ii ~.;S ,...--­
TABLE IX (Continued) 
Soil characteristics at representative locations in the principal associations. 
% Rock Conduct· 
Greater % ~nc.e ofLocation Soil Than % % % Total solution 
type 2 mm. Sand Silt Oay "Colloids" vB ., K x 10' 
Sareobatetum Baileyi-Sta. 4 
~ .....~ .... ~.. .va.". 
100 em. Clay loam 3.9 49.8 25.6 24.6 28.2 8.9 295.2 
TABLE IX (Continued) 
Soil characteristics at representative locations ill the principal ~ssociations. 
% Rock Conuuct. 
Greater % ance oI 
Location Soil Than % % % Total sOlution 
type 2 mm. Sand Silt Clay "Colloids" pH as K " 10' 
Sareobatetum Baileyi-St<l. 4 
(}-2 em. Sand 12.5 83.7 13.0 3.3 73 9.4 92.6 
30 em. Sandy loam 10.0 64.7 -21.0 14.3 18.3 8.9 18.7 
50 em. Sandy loam 2.9 58.7 34.0 7.3 11.3 9.4 46.8 
100 em. Silt loam 0 17.1 79.0 3.9 3.9 8.5 326.9 
Sareobatetum Baileyi-Sta. 12'" 
(}-2 em. Sand 18.0 83.1 13.6 3.3 4.9 7.8 13.2 
30 em. Sand 7.0 85.1 9.6 5.3 7.9 7.9 12.0 
50 em. Sand 4.4 90.7 6.0 3.3 5.3 8.0 '11.3 
Daleetum-Sta. 3
-N 0-2 em. Sand 0 95.1 3.6 1.3 1.9 7.3 30.1 
'" 25 em. Sand 0 95.1 3.6 1.3 2.9 7.4 3.6 
50 em. Sand 0 95.1 3.6 1.3 2.9 7.4 3.3 
100 em. Sand 0 92.1 4.6 3.3 3.9 9.1 15.4 
DaJeetum-Sta. 8 
(}-2 em. Sand 0.4 95.4 3.6 0.9 0.9 7.4 94.4 
30 em. Sand 0.8 94.4 4.0 1.6 1.6 7.9 16.2 
50 em. Sand 0 94.4 4.6 0.9 1.6 7.8 13.5 
100 em. Sand 0 98.4 1.0 0.6 0.6 8.0 13.7 
Daleetum-Sta. 9 
(}-2 em. Sand 0.8 934 5.0 1.6 3.6 7.2 5.3 
30 em. Sand 1.1 90.4 6.0 3.6 4.6 7.0 48 
50 em. - Sand 1.0 88.8 5.6 5.6 7.2 7.0 6.0 
* This station-of the Sareobatetl1m Baileyi is located on residual volcanic soil at an elevation of 4850 feet in the Dcsert 
Mountains. :-Jo vegetational analyses other than presence are available for this station at pres.:'nt. 
